Aims: Epidemiology studies of acute kidney injury (AKI) have focused on cases requiring dialysis but those not requiring dialysis represent the majority. To address this gap, we interrogated hospital episode statistics (HES) to investigate population trends in temporal epidemiology of AKI not requiring dialysis between 1998 and 2013. Methodology: In this retrospective observational study of HES data covering the entire English National Health Service, we identified 1,136,167 AKI events, not requiring dialysis, diagnosed between 1998 and 2013. We explored the effect of age, gender, ethnicity, Charlson's comorbidity score (CCS), method of admission, diagnosis period and AKI in diagnosis codes on temporal changes in the incidence and case-fatality of AKI with specific examination of its predictors. Odds for death were higher for patients over 85 years (2.93; 95% CI 2.89-2.97), CCS of more than five (2.75; 95% CI 2.71-2.79), emergency admissions (2.14; 95% CI 2.09-2.18) and AKI in the secondary diagnosis code (1.35; 95% CI 1.33-1.36) and AKI in other diagnoses codes (2.17; 95% CI 2.15-2.20). Conclusions: In England, the incidence of AKI not requiring dialysis has increased and case-fatality has decreased over last 15 years. Efforts to reduce the incidence of AKI and improve survival should focus on elderly people, emergency admissions and those with multi-morbidity.
Introduction
The International Society of Nephrology (ISN) has recognised acute kidney injury (AKI) as an important cause of death worldwide and has launched a campaign to eradicate preventable death because of AKI in developing countries by 2025 (1). Nevertheless, previous studies indicate that the incidence of AKI is also increasing in developed countries and remains a significant challenge (2) (3) (4) . To this effect, National Health Service (NHS) in England has launched Acute Kidney Injury Programme, with a primary aim to reduce the risk and burden of AKI (5) . It is therefore important to gain a more comprehensive understanding of the epidemiology AKI in all countries to inform strategies to reduce incidence and improve outcomes. Information on AKI and its associated case-fatality in populations from different regions of the world is fragmentary and quite often, inconsistent (6) . Moreover, there are no epidemiological studies, other than from USA, describing the temporal epidemiology of AKI (3, 4) . Previous published studies in developed countries lack population coverage as they are based on selected samples of hospital patients reported in billing or administrative databases or located in selected clinical locations. Also, epidemiological studies tend to focus primarily on dialysis requiring AKI (7) (8) (9) . In recent years, there has been a paradigm shift in understanding of the effect of a relatively small rise in creatinine, which has led to the introduction of a standardised definition and classification of AKI (10) . Despite this, no study has examined national trends in the incidence and case-fatality of AKI after the introduction of RIFLE and the Acute Kidney Injury Network (AKIN) classification and staging system for AKI (11, 12) . A crucial feature of the healthcare system in England is that it is universal, funded from taxation and has a national database of all hospital admissions, which gives an opportunity to compare and study populations of different demographic composition (13) . We have recently investigated the epidemiology of AKI severe enough to require dialysis using Hospital Episode Statistics (HES) dataset in England (14) . To address the gap in the literature regarding AKI not severe enough to require dialysis, we combined a national database of all hospital discharges with national census data to investigate population trends and the associated case-fatality as well as their determinants in England between 1998 and 2013.
Methods

Data source
We extracted data from the HES repository for the years 1998 through 2012. These data warehouse contain details of all admissions, outpatient appointments and A&E attendances at NHS hospitals in England (15). HES collects a detailed record for each admitted patient care delivered in England, either by NHS hospitals, primary care trusts, mental health trusts or delivered in the independent sector but commissioned by the NHS. The study protocol was examined by the local research and development department and the National Research Ethics Committee, East of England -Cambridge Central and was deemed exempt from ethical approval because the research involved non-identifiable information, previously collected in the course of normal care and available for public use. The study was conducted according to the principles expressed in the Declaration of Helsinki.
Definitions
We identified all cases of AKI by using validated International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) codes in all diagnoses codes in keeping with the objective of the study. Patients with the following codes in any of the diagnoses codes were included: N17.0 for acute renal failure (ARF) with tubular necrosis, N17.1 for ARF with acute cortical necrosis, N17.2 for ARF with medullary necrosis, N17.8 for other ARF and N17.9 for ARF, unspecified. ARF has been replaced by new terminology, AKI, but due to a lack of ICD10 codes for AKI, we used the ICD10 codes for ARF and henceforth, will be referred to as AKI in this study.
In addition to demographic data, we extracted secondary diagnoses from 20 available diagnoses codes and 24 available procedure codes based on the Office of Population Censuses and Surveys Classification of Interventions and Procedures, 4th revision (OPCS-4). We also excluded ICD10 codes for chronic kidney disease stage 5 and end stage renal disease along with OPCS code X40.2 for peritoneal dialysis, X40.3 for hemodialysis, X40.4 for hemofiltration and X40.5 for automated peritoneal dialysis and X40.6 for continuous ambulatory peritoneal dialysis in any of the 24 OPCS-4 codes (Figure 1 ).
Outcome measures
We obtained data on patient demographics, hospital characteristics, in-hospital case-fatality, disposition, length of stay (LOS) and up to 20 diagnosis and 24 procedure codes that are based on the ICD-10-CM and OPCS-4 from the HES database. To calculate population incidence of AKI not requiring dialysis, we obtained mid-year populations of England in each year from 1998 to 2013 from the Office of National Statistics (ONS). We also obtained mean age, LOS and mortality of all patients in England and also of those, who did not have AKI from 1998-1999 to 2012-2013.
Validation
The National Confidential Enquiry of Perioperative Outcome and Death (NCEPOD) undertook a validation of the ICD-10 codes against RIFLE criteria in 2007 when they studied the process of care of patients who died of AKI in NHS hospitals in England (16) (18) . Method of admis-sion was defined as one of elective admission; emergency admission; maternity admission; other admission or unknown. Ethnicity was grouped as White, Mixed, Asian, Black, other ethnic groups and ethnicity not stated/unknown. AKI in diagnoses codes were categorised as 'AKI in primary diagnosis code', 'AKI in secondary diagnosis code' and 'AKI in all other diagnoses codes'. Continuous variables were expressed as mean with 95% confidence interval (CI); these were compared with the t-test under the Central Limit Theorem instead of the Mann-Whitney U-test. Categorical variables were expressed as proportions and compared with the chi square test. The associations between discharge status (dead or alive) and gender, age group, period of admission, method of admission, CCS, ethnicity and AKI in diagnosis codes were analysed initially using univariate logistic regression. Multivariate logistic regression was then considered to assess the relative contributions of all these variables simultaneously. Patients with missing data were excluded from analysis.
Sensitivity analysis
The analysis was performed with and without the unknown ethnicity and was repeated separately for all ethnicities and after excluding all patients where ethnicity was not known. We determined whether there was a difference in the effect size with improvement in ethnicity recording in HES (Supplementary file, Table S2 ). We also performed sensitivity analysis to project estimated cases of AKI with the assumption of constant population incidence of AKI and a sensitivity for ICD-10 N17 code of 74% as identified in NCEPOD study (Table S1 ). This study is registered with clinicaltrials.gov, number NCT02216695.
Results
Incidence
Between 1 April 1998 and 31 March 2013, there were 1,139,226 coded AKI events, which did not require dialysis in 194,157,726 hospitalised patients in England ( Figure 1 ). Data were incomplete in a small number of patients with AKI, which were excluded from analysis, leaving 1,136,167 for final analysis: age in 2922 cases, age and gender in 12 cases and gender in 125 cases. The number of cases of hospitalised AKI patients increased from 15,463 in 1998-1999 to 213,700 in 2012-2013. The population incidence of hospitalised AKI increased from 317 per million peo- (Table 1 ). 
Demographics
Trend in case-fatality
From 1998-1999 to 2012-2013, overall in-hospital case-fatality in patients who developed AKI in England decreased from 43.5% to 24.1%, p < 0.001. The decline in case-fatality was also evident in patients with AKI diagnosis in primary, secondary and all other diagnoses codes and within each age group in the three 5-year period (Table 2) within age group less than 65 years and 65 to 74 years and remained unchanged in those aged 75-84 years.
Determinants of case-fatality
Both unadjusted and adjusted odds for death were higher for AKI patients in higher age groups. Patients over 85 years of age had adjusted odds ratio (OR) of 2.93 (95% CI 2.89-2.97) as compared to patients under the age of 65 years (Table 3) . Patients in all ethnic minority groups had lower odds for death as compared to patients with white ethnicity. Patients with three or more comorbidities showed an incremental increase in the odds for death as compared with patients with no comorbidities. In the sensitivity analysis, we assumed that the population incidence of AKI remained constant and the sensitivity of ICD-10 code for N17 to be 74%, as found in NCEPOD study, from 2006-2007 till 2012-2013 . This estimated the number of cases of AKI not requiring dialysis in 2012-2013 at 75,310, a figure less than 40% of the number of cases actually observed. The results of multivariable sensitivity analysis were similar to those in the primary analysis and the conclusions remained robust (Tables S2 and  S3 ).
Discussion
We observed a large increase in the population incidence of hospitalised AKI from 317 pmp in 1998-1999 to 3995 pmp in 2012-2013 with most of the increase in those over 75 years. During the same period, there was a significant decrease in case-fatality associated with AKI in all age groups. Over time, people older than 85 years accounted for a greater proportion of those dying with AKI, largely because of increase in the incidence of AKI in this age group.
Comparison with other studies
Our findings are consistent with two other studies, which have used ICD codes to identify patients with AKI in partially overlapping periods (1988-2002 and 1992-2001) ; one based on the US Renal Data System that covers Medicare patients, and another that covers a Nationwide Inpatient Sample (NIS) database of hospital discharges (3, 4) . However, the studies reported different incidence and case-fatality rates despite being based on samples from the same population (19) . In the NIS, weights were produced to create estimates that approximate a nationally representative sample, but because not all states provide data, some bias in national estimates may have occurred if omitted states had substantially different hospitalisation patterns than states that provided data. The number of states in the NIS of Health Care Utilization Project also varied by year and increased from eight in the first year to 46 in the most recent year (20) . Hsu et al. found that the incidence of community AKI increased from 3227 pmp in 1996 to 5224 pmp in 2003 (2, 21) . Though the study had an advantage of using an updated definition of AKI based on serum creatinine, the average age of this population was only 42 years, much lower than that reported in any of the other AKI studies. In addition, two-thirds of the people of San Francisco bay in Northern California were not members of Kaiser Permanente and this raises questions about the study population representation.
Explaining the rise in the incidence rate of AKI
We found a more than 12-fold increase in the incidence of AKI between 1998-1999 and 2012-2013. It is possible that changes in coding practice contributed to the increased incidence of AKI in this study. In addition to a change in terminology, the (11, 12) . This may have led to greater recognition of milder forms of AKI with higher proportion of true cases being diagnosed and identified by coding resulting in the steeper curve in the rate of increase in the number of cases between 2003 and 2013 as compared to that between 1998 and 2003. However, we do not think that increased recognition is the sole explanation for the increased number of AKI cases in this study. First, the Renal Association of UK adopted this definition in its clinical practice guidelines only in June 2008 (22) . Second, the RIFLE and AKIN criteria were more widely adopted in clinical practice in UK only after the publication of NCE-POD report in June 2009 with its use in-hospital wide system prospectively for the first time in 2011 (16, 23) . Third, in our sensitivity analysis, we estimated 75,310 cases of AKI would have occurred in 2012-2013 if we assumed a constant incidence rate but actually observed almost three times this number (213,700). In addition, the accuracy of diagnostic coding in England did not reveal marked changes between 2005 and 2010, a period when there was a steep increase in the incidence of AKI (17) . The increase in AKI coded in secondary and other diagnoses codes may represent increasing incidence of hospital acquired AKI as suggested by Xue et al. where kidney is affected secondarily (4). Another possible explanation for the observed increase in AKI is the increasing age of the population. This was evident in our study as the mean age increased from 69.3 years in 1998-1999 to 76.2 years in 2012-2013. This is in contrast to other older studies reporting secular trends in the incidence of AKI, where the age did not change much during the study period (3, 4) . A further possible explanation is a change in the spectrum of comorbidities among people admitted to hospital. Over the last 15 years, the incidence of acute myocardial infarction, stroke and cancer have decreased in England, but the incidence of diabetes mellitus and congestive heart failure has increased (24) (25) (26) (27) . Moreover, these comorbidities are associated with increased use of drugs that may increase the risk of AKI, including ACE inhibitors (ACEI) and angiotensin receptor blockers (ARBs). Recent evidence suggests that increased prescription of ACEI and ARBs may account for a 15% increase in AKI admissions in England, making this one of the largest preventable causes of AKI (28) .
Explaining the decline in case-fatality in AKI
In this study we have shown that case-fatality in patients with AKI decreased significantly from 1998-1999 to 2012-2013. This is consistent with the results of previous two studies, which investigated secular trends in case-fatality (3, 4) . One reason for the decline in the case-fatality could be the inclusion of less severe cases of AKI discussed above. However, unlike the study by Waikar et al., we observed a higher CCS in each of the previous 5-year period, suggesting that patients were becoming more unwell (3) . Despite a decline in casefatality in last 15 years, the case-fatality rate in 2012-2013 for patients who have AKI remains high even in the absence of a requirement for dialysis at 24.1%. This demonstrates the importance of maintaining a focus on all cases of AKI, whether requiring RRT or not.
Strength and limitations
The strengths of this study include the large size of the cohort, complete national coverage and recent data (29) . To the best of our knowledge this is the first study to describe the epidemiology of hospitalised AKI in England using a national database. The main limitation was the reliance on the accuracy and validity of routine data. Nonetheless a systemic review of studies comparing routine hospital discharge statistics with medical records carried out in England, Wales and Scotland reported on average, high accuracy rates for coding (30) . NCEPOD reported 74.1% sensitivity, 96% specificity, 90.9% positive predictive value and 87.2% negative predictive value for ICD-10 codes for ARF. Another limitation is that the definition of AKI in this study was not based directly on changes in the serum creatinine and there is likelihood that milder cases of AKI may not have been diagnosed or coded. These data are therefore likely to represent a conservative estimate of the true incidence of hospitalised AKI not requiring dialysis in England.
Conclusions
This study provides the first nationwide investigation of hospitalised AKI not requiring dialysis over a period of 15 years. We have shown that the incidence of hospitalised AKI has increased considerably and although in-hospital case-fatality has decreased over the last 15 years in England, it remains unacceptably high. Most of the increase in incidence was observed in elderly people who also evidenced less improvement in survival. Our data therefore suggest that efforts to reduce the incidence of AKI in England should focus on elderly people with multimorbidity as well as emergency admissions and those requiring transfer from hospitals without a nephrology service. 
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